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Letter to the editor
The possibilities and application of molecular genetics diagnostics have increased immensely in the past decade, particularly in the field of rare syndromes causing intellectual disability (ID). In many cases the most important reason for parents to have genetic diagnostics performed is to determine their recurrence risk (RR) for a future pregnancy and the RR for other family members. Fortunately, the vast majority of ID has been shown to be caused by de novo mutations, [1] [2] [3] which result in a low RR. A minority of ID is caused by mutations in recessive or X-linked genes, with an associated 25% RR. Mutations and chromosomal deletions in imprinted regions, although rare, are a well-known cause of ID (e.g., on chromosome 15, causing Angelman and Prader-Willi syndromes) and may result in a 50% RR for parents and siblings of the carrier parent. However, familial mutations in imprinted genes leading to severe ID have only rarely been reported in the medical literature, probably because most of those mutations also arise de novo.
Next-generation sequencing is rapidly replacing classic molecular diagnostics. It has been shown that trio-based sequencing (sequencing both the patient and parents) is an efficient way of finding causal mutations. Importantly, whereas all exome sequencing studies published to date report a focus on de novo, X-linked, and recessive inheritance, none report taking familial imprinted mutations explicitly into account in their filtering strategy, [1] [2] [3] and none report finding an imprinted cause of ID. We found in the literature only a single report of an imprinted mutation being identified in a diagnostic setting. 4 We encountered a large family with 14 affected individuals from five nuclear families in two generations. 5 All patients had severe ID, and many of them displayed camptodactyly and hypotonia. There were dysmorphic features, but no syndromic diagnosis could be made by experienced clinical geneticists. Four of the patients died at a young age as a result of various complications. Exome sequencing was accidentally performed in two centers: in one center a trio design was chosen; in the other center, a single patient was sequenced. No pathogenic mutation was identified by either center. Later analysis in a research setting-taking into account the extraordinary pedigree of this family, showing that all affected individuals were linked though their fathers-identified a paternally inherited pathogenic frameshift mutation (NM_019066.4:c.1996dup (p.(Gln666Profs*47)) in MAGEL2. This variant was missed in the trio exome because it was inherited by the father (and thus did not adhere to de novo, recessive, or X-linked inheritance), and it was ignored in the single exome because the gene was not on the ID gene list and focus was given to recessive inheritance because this was considered more likely.
MAGEL2 is located in the imprinted Prader-Willi/Angelman region on chromosome 15. De novo truncating mutations in MAGEL2 on the paternal allele was shown to cause a PraderWilli-like phenotype in four patients. 6 The diagnosis of PraderWilli syndrome was considered in one of our patients, although it was not in the differential diagnosis for the other patients.
It is worrisome to realize that the causative mutation was identified only because of the extended pedigree of this family. Missing the diagnosis would have led to more affected individuals in the family, given the associated 50% RR. Indeed, for this family in particular, the consequences of this mutation have been devastating and will most likely not end here because several other nuclear families are at risk. To further investigate the scope of this potential pitfall, we looked for putative loss-of-function mutations in MAGEL2, UBE3A, and KCNK9 in the Exome Aggregation Consortium database (http:// exac.broadinstitute.org; accessed 23 June 2016) consisting of ~120,000 alleles. We identified six confident loss-of-function alleles (one in MAGEL2, four in UBE3A, and one in KCNK9), leading to an estimated carrier frequency of ~1 in 10,000.
This case shows that this issue arises not only when trio exome sequencing is performed but perhaps also when only the affected individual is sequenced, which has been shown to be another effective strategy. 7 In-depth analysis of the failure to identify a mutation in a single exome reveals that it occurs mostly because too many variants remained, leading to difficulties in assessing the merit of each variant. We therefore recommend that any sequencing analysis pipeline take imprinted genes explicitly into account, displaying all variants-inherited or not-in this relatively limited number of genes.
Imprinting: the Achilles heel of trio-based exome sequencing
